Lengths of gestation were determined from 1,484 pregnancies resulting from embryo transfer procedures. Least-square means of lengths of gestation by breed of embryos (P<.O05) were: Holstein, 278.7; Angus, 281.0; Hereford, 285.7; Simmental, 287.6 and Limousin, 289.7 d. Recipient breed had a small effect on length of gestation (P<.O05). The length of gestation for recipients less than 4 yr old was 2.7 d shorter (P<.O05) than for older recipients. As asynchrony of recipient and donor estrus changed by 1 d, length of gestation changed linearly by .78 d (P<.O05). Male calves were carried 1.4 d longer than females (P<.O05). Embryo age at time of transfer, embryo quality, length of embryo storage between collection and transfer, and donor age did not affect length of gestation significantly. Lengths of gestation of 185 embryo transfer pregnancies were 1.5 d longer (P>.l) than those of 305 matched control pregnancies from the same farms. We conclude that length of gestation of embryo transfer calves and length of gestation of non-embryo transfer calves are influenced by similar factors.
Introduction
Length of gestation of Bos taurus varies considerably from breed to breed (Andersen and Plum, 1965) . A number of other factors also influence length of gestation. Male calves are carried 1 to 2 d longer than females (MacMillan and Curnow, 1976; Smith et al., 1976; Laird and Hunter, 1977; Anderson et al., 1978; Burfening et al., 1978; Everitt et al., 1978; Fisher and Williams, 1978; Gregory et al., 1978; Notter et al., 1978; Reynolds et al., 1980) . Parity and age of the dam, which usually are confounded, also affect length of gestation. Heifers tend to have a shorter gestation than cows (Gianola and Tyler, 1974; Wilson et al., 1976; Burfening et al., 1978; Fisher and Williams, 1978; Foote, 1981) .
Studies concerning lengths of gestation of recipients pregnant from embryo transfer are limited in number and scope. In one study, 42 1This research was supported by NIH grant HD-13487. We wish to acknowledge the efforts of the clients and personnel of the Embryo Transfer Laboratory, Colorado State University. (Lampeter et al., 1980) . Rathie (1982) In a study by Hinkelman et al. (1979) , it was found in two breeds of sheep with distinctly different lengths of gestation after natural straightbred rantings, that embryos of one breed placed in another had an intermediate length of gestation. Anderson et al. (1981) , in a follow-up study, found a significant effect of the breed of lamb on the length of gestation but no effect from recipient breed. Lengths of gestation of 58 pregnancies from Finnish Landrace embryos, Targhee embryos or a combination of the two, were studied in recipients of the opposite breed, or with breeds for the mixed pregnancies. Mixed breed pregnancies had a mean gestation period inter-758 JOURNAL OF ANIMAL SCIENCE, Vo|. 61, No. 4, 1985 mediate between those for pregnancies consisting of one breed.
The objective of this research was to determine whether donor breed, recipient breed, recipient age, sex of fetus, embryo age, embryo quality, length of storage of embryos, degree of asynchrony of donor and recipient estrous cycles, donor age and number of corpora lutea palpated on the donor ovaries would affect length of gestation of bovine pregnancies resulting from embryo transfer.
Materials and Methods
The data concerning gestation lengths of pregnancies resulting from embryo transfer were obtained from a survey of commercial clients of the Embryo Transfer Laboratory at Colorado State University. The source of embryo recovery and transfer data and methods of collection of calving data from embryo transfer pregnancies have been described in detaft by King et al. (1985) . Survey forms were mailed to clients, and in cases of large groups of calves on one farm, personal visits were made.
Length of gestation was analyzed for 1,484 embryo transfer pregnancies from five breeds of donors, Holstein, Hereford, Angus, Limousin and Simmental. Abortions and premature births, those that occurred more than 30 d before the average gestation length for that specific breed of embryo, were not included in the data, nor were cases with incomplete data. There were five recipient breed-age categories, 1) Holstein heifers, 2) cows and 3) heifers of British beef breeds and their crosses, and 4) cows and 5) heifers of Continental European beef breeds and their crosses. By chance, no Angus embryos were placed in Holstein recipients, so this subclass was empty. Length of gestation was calculated by assuming pregnancy was initiated when standing estrus was first observed in the donor, and that it terminated with parturition.
A least-squares analysis of covariance (Harvey, 1977) was used to analyze the data with the following factors: five breeds of embryos, five combinations of recipient breed and age, sex of calf, and first-order interactions of these factors. Embryo quality and gestational age of the embryo at time of transfer, embryo storage time from collection to transfer, degree of asynchrony of donor and recipient estrus, donor age and number of corpora lutea on ovaries of donors as palpated per rectum at the time of collection were used as linear and quadratic covariates (see King et al., 1985 for additional details) . If the donor was in estrus before the recipient, a negative sign was given to asynchrony (done by half-day intervals), and a positive sign was used for the converse situation. After a preliminary analysis was conducted, nonsignificant interactions and covariates were deleted from the model and the data were reanalyzed.
Data also were obtained from 305 non-embryo transfer, non-twin gestations from farms where 185 embryo transfer calves were born during the same calving seasons. These data were arranged into 20 farm groups for within herd-year-season-breed least-squares analysis of variance after adjusting length of gestation for sex of calf and parity of recipient with factors derived from the main analysis. Because the beginning of estrus was used to calculate the start of gestation for embryo transfer calves, and the artificial insemination breeding date was used for control calves, one-half day was subtracted from the 185 embryo transfer gestations to make comparisons for this part of the study correct.
Resutts and Discu~on
The average least-squares length of gestation for the 1,484 pregnancies was 284.3 d, with a standard error of .17 d. The largest source of variation was donor (embryo) breed (P<.005; tables 1 and 2). This finding supports the theory that the fetus is largely responsible for initiating parturition. It is also in agreement with other studies (Lampeter et al., 1980; Anderson et al., 1981; Rathie, 1982) .
Recipient breed and age were also significant, but small, sources of variation (P<.005). Of these factors, age of recipient had the greatest effect (P<.005) on gestation length, as determined by the single-degree-of-freedom comparison (not including Holsteins). Heifer recipients of beef breeds less than 4 yr of age, had a gestation length 2.7 d shorter than older cows ( Embryo age at the time of transfer, embryo quality, length of embryo storage between collection and transfer, asynchrony of recipient and donor estrus, donor age and ovarian response of donor to exogenous gonadotropin treatment were all investigated as covariates. Of these, only asynchrony of estrous cycles and ovarian response were significant (table 1). The degree of asynchrony between the estrous cycles of donors and recipients had an interesting effect on length of gestation. For every day of asynchrony between the estrous cycles of donors and recipients, length of gestation changed linearly by .78 d with a standard error of .24 (P<.005). The quadratic component was not significant. Thus, recipients in estrus before the donor tended to calve earlier than those in estrus after the donor. Embryos placed in a recipient that had been in estrus before the donor, were exposed to a higher level of progesterone (Hasler et al., 1980) , and growth of embryos may have been accelerated (Wilmut and Sales, 1981) . The recipients in estrus after the donor would have had lower blood levels of progesterone, and embryonic growth may have been slowed, resulting in a longer gestation period relative to donor estrus. There probably is a small degree of statistical artefact in these interpretations in that only those embryos that made appropriate adjustments to the asynchronous uterus survived, and pregnancy rates are lower with asynchronous transfers (Seidel, 1981) .
Ovarian response of the donor, measured in numbers of corpora lutea at the time of collection, was significant both as a linear (beta = -.133) and a quadratic (beta = .004) covariate for length of gestation, when both gonadotropin-treated and non-gonadotropin-treated donors were included in the analysis. To study this effect in more detail, lengths of gestation were adjusted for sex of calf, donor breed, and recipient breed and age with factors developed in the original analysis, and mean gestation lengths were calculated for different degrees of superovulation response (table 4) . With this method, it was found that as the number of palpated corpora lutea increased, length of gestation decreased slightly compared with non-gonadotropin-treated donors, until the number of corpora lutea was greater than 15, then gestation length increased; this was reflected by the increasing magnitude of the quadratic regression coefficient relative to the linear coefficient. However, in an analysis in which the non-gonadotropin-treated cows were eliminated from the data, ovarian response no longer had a significant effect. It could be postulated that multiple ovulations caused progesterone levels to rise earlier in the uterus, thus causing embryos to mature more rapidly, and shortening the gestation period (Lawson, 1977; Wilmut and Sales, 1981) . But when the number of palpated corpora lutea became too great, progesterone levels possibly were elevated sufficiently to retard embryonic development, thus lengthening the gestation period.
Control data from those farms from which embryo transfer and non-embryo transfer information was obtained were subjected to a least-squares analysis of variance. There was a difference (P<.01) in length of gestation aThere were several cases in which no corpus luteum could be detected but an embryo was recovered. Also, estimation of numbers of corpora lutea by rectal palpation is especially imprecise with large ovarian responses to superovulation. between farm groups that, partially, can be attributed to the breed differences in length of gestation. The range was from 275.4 d for a group of 10 Angus calves to 288.8 d for a group of 48 Hereford calves. There was no significant difference between embryo transfer and control gestation lengths. The mean for embryo transfer pregnancies was 282.4 d, while nonembryo transfer pregnancies averaged 280.9 d (P>.l).
From this survey, we conclude that embryo transfer procedures such as storage of embryos between time of coUection and transfer and embryo quality at time of transfer had little effect on length of gestation in bovine embryo ~ansfer recipients. The breed of the embryo, the sex of the resulting calf and the age of the recipient had the greatest effects on length of gestation. A small effect was shown by recipient asynchrony with donor estrus. Lengths of gestation of embryo transfer calves were similar to those of non-embryo transfer calves.
